Background: The prevalence of type 2 diabetes (T2D) has nearly doubled since 1980. Elevated body mass index (BMI) is the leading risk factor for T2D, mediated by inflammation and oxidative stress. Arsenic shares similar pathogenic processes, and may contribute to hyperglycemia and β-cell dysfunction. Objectives: We assessed a unique situation of individuals living in Northern Chile with data on lifetime arsenic exposure to evaluate the relationship between arsenic and T2D, and investigate possible interactions with BMI. Methods: We analyzed data collected from October 2007-December 2010 from an arsenic-cancer case-control study. Information on self-reported weight, height, smoking, diet, and other factors were obtained. Diabetes was defined by self-reported physician-diagnoses or use of hypoglycemic medication. A total of 1053 individuals, 234 diabetics and 819 without known diabetes were included. Results: The T2D odds ratio (OR) for cumulative arsenic exposures of 610-5279 and ≥ 5280 μg/L-years occurring 40 years or more before interview were 0.97 (95% CI: 0.66-1.43) and 1.53 (95% CI: 1.05-2.23), respectively. Arsenic-associated T2D ORs were greater in subjects with increased BMIs. For example, the ORs for past cumulative exposures ≥ 5280 μg/L-years was 1.45 (95% CI: 0.74-2.84) in participants with BMIs < 25 kg/ m 2 but 2.64 (95% CI: 1.14-6.11) in those with BMIs ≥ 30 kg/m 2 (synergy index = 2.49, 95% CI: 0.87-7.09).
Introduction
More than 200 million individuals worldwide are exposed to arsenic-contaminated drinking water above the World Health Organization (WHO)'s permissible limit of 10 μg/L (Naujokas et al., 2013) . Ingested arsenic is an established carcinogen and prevalent at high concentrations in drinking water sources in Taiwan, Bangladesh, India, Chile, Argentina, the US, and elsewhere (ATSDR, 2007; IARC, 2004 IARC, , 2012 . In the US, an estimated 12% of all public water systems have arsenic concentrations near 10 µg/L (U.S. EPA, 2000) , the current US regulatory standard. Millions more people are likely exposed to even higher arsenic water concentrations from private wells, which are not regulated (Steinmaus, 2005) . Arsenic also occurs in apple juice, chicken, wine, and beer (Marshall, 2012; Nachman et al., 2013; Schute, in areas with high exposures (Huang et al., 2011; Maull et al., 2012) , but studies of lower exposures (e.g., < 100 µg/L) have produced very mixed and unclear results (Smith, 2013) . Although the primary mechanism of arsenic toxicity is unknown, it has been shown to affect several mechanistic pathways that are linked to both obesity and T2D. For example, both arsenic and obesity have been associated with mitochondrial dysfunction and with increases in reactive oxygen species (ROS), two processes that are thought to play an important role in T2D development (Pan et al., 2016; Tseng et al., 2004; Bournat and Brown, 2010) . Given these and other shared pathologic processes, we hypothesized that arsenic and obesity might interact to increase T2D risk.
Many of the water sources in Northern Chile are contaminated with naturally-occurring arsenic, with concentrations ranging from < 10 to > 800 µg/L. This geographical area contains the Atacama Desert, which is the driest inhabited place on earth. Because it is so dry, almost everyone in the area lives in one of the cities or towns in the area, and each city and town has its own single water supply. Extensive historical records of arsenic concentrations in all this area's major water sources are available, and because of this, comprehensive estimates of people's lifetime arsenic exposure, from birth through adulthood, can be made simply by knowing the cities or towns in which they have lived (Ferreccio et al., 2000) . These types of lifetime exposure data are not available anywhere else in the world. The largest city in the area, Antofagasta, experienced a period of very high arsenic exposure (average of 860 µg/L) starting in 1958, when two rivers with high arsenic concentrations were diverted to the city for drinking. The high exposures ended in the 1970s, when arsenic treatment plants were installed. Except for the installation of arsenic treatment plants in Antofagasta and several other cities, arsenic concentrations in drinking water have been very stable over time (Ferreccio et al., 2000) .
For this paper, we used this unique exposure scenario to assess the effects of arsenic exposure on T2D development, and to evaluate whether arsenic and obesity may act synergistically to increase T2D risk. To our knowledge, the present study is the first to examine the possible interaction between arsenic and obesity on the development of T2D.
Materials and methods

Study area and subject ascertainment
Study design details are published elsewhere (Steinmaus et al., 2013) . Briefly, all subjects were participants in an arsenic-cancer casecontrol study which involved two contiguous regions (Regions I and II) in Northern Chile. Institutional review board approval was obtained in both the US and Chile. Participation was voluntary, and written informed consent was obtained from all subjects or next of kin. Cancer cases in the underlying study included all people who: (i) had newly diagnosed primary lung, bladder, or kidney cancer between October 2007 and December 2010; (ii) lived in Regions I or II at the time of diagnosis; (iii) were > 25 years old when diagnosed; and (iv) were able to provide interview data or had a close relative who could. Cancer cases were ascertained using a rapid case ascertainment system established for the study which involved all pathologists, hospitals, and radiologists in the study area, and most cancer cases were interviewed within three months of diagnosis. Hospital cancer committees and death records were used to identify missing cases. Cancer-free controls, frequency matched to cancer cases by sex and five-year age groups, were randomly selected from the Chile Electoral Registry. This Registry contains > 95% of people over age 50 years based on population numbers for Regions I and II recorded in the Chilean Census.
Participant interviews
Participants were interviewed in person using a standardized study questionnaire. For deceased participants, we interviewed the next of kin (proxy). Participants were asked to provide all lifetime residences, water sources (e.g., public water, bottled) and water filter use at each residence, and all jobs held for at least six months. Participants were also asked about specific occupational exposures including asbestos, arsenic, silica, and solvents. Questions regarding tobacco smoke included age at which smoking began, periods of no smoking, years smoked, number of cigarettes smoked per day, and childhood or adult secondhand smoke exposure. Participants were also asked about typical water intake, both currently and 20 years ago. Typical dietary intakes in the year preceding interview and 20 years earlier were assessed using a modified version of the National Cancer Institute's Diet History Questionnaire. A 14-point socioeconomic status (SES) scoring system was developed by asking subjects about household items (e.g. computer), cars, and use of domestic help. Information on all medical conditions (e.g. hypertension) and medications were collected. For the analyses presented here, diabetics were defined as people who self-reported physician-diagnosed diabetes or who used a hypoglycemic medication.
Body mass index (BMI)
All subjects and proxy respondents were asked to provide the subjects' adult height and typical weight at ages 20 and 40. People without cancer were also asked to provide their typical weight in the 10 years preceding the interview, and people with cancer were also asked to provide their typical weight in the 10 years preceding their cancer diagnosis. BMI at each period in time was calculated as weight (kg)/ height (m 2 ). Category cut-off points were based on the WHO definition for overweight and obesity in adults of 25 mg/kg 2 and 30 mg/kg 2 , respectively, for both men and women.
Exposure indices
For each subject, each residence in Chile was linked to a water arsenic measurement for that location and the years the subject lived there. Using this process, we could assign an arsenic concentration to each year of each subject's life. Arsenic water records for all cities and towns in Regions I and II, and for all large cities in Chile outside these regions, were collected from governmental agencies, research studies, and water suppliers (Ferreccio et al., 2000) . Overall, arsenic water concentrations could be linked to > 95% of all subject residences. Use of bottled water or sources with reverse osmosis filtering were assigned arsenic concentrations of zero. The yearly arsenic exposure estimates for each subject were then used to calculate several metrics of arsenic exposure. These included lifetime cumulative exposure (the sum of each subjects' yearly water concentrations), average exposure (the mean of all of each subject's yearly water concentrations), and lifetime highest (the single highest arsenic water concentration at any year in a subject's life). Results are given for each of these metrics since it is unknown which might be most strongly associated with arsenic-related diabetes. Forty-year lag periods, which ignored all arsenic exposure in the 40 years preceding cancer diagnosis (for people with incident cancer) or interviews (for people without incident cancer), were applied in some analyses. This was done because exposures in the area were highest > 40 years ago (before arsenic treatment plants were installed in several cities). Category cut-off points are tertiles unless otherwise stated.
Statistical analysis
Odds ratios (OR) for T2D were calculated using unconditional logistic regression for various categories and metrics of arsenic exposure. No heterogeneity in results was observed by sex in analyses of arsenic and T2D, thus males and females were combined. Our inclusion of lung, bladder and kidney cancer cases from the underlying cancer case-control study could potentially introduce bias if these types of cancers were associated with T2D. In unadjusted analyses we found that T2D was more common among the bladder cancer cases than among cancer-free controls (OR=1.34, 95% CI: 0.95-1.88). Although not statistically significant, the fact that this OR was moderately above 1.0 suggests including these bladder cancer cases could introduce some bias. For this reason, these subjects were excluded here. Neither lung nor kidney cancers were associated with T2D in our study (see Results section and Table 1 ). As such, all kidney and lung cancer cases were included in most of the analyses. The advantage of including these cases is that it leads to a greater sample size and thus more precise estimates of odds ratios. Possible bias from including these cases was assessed by performing separate analyses with these subjects excluded.
Potential biological interactions between arsenic and increased BMI were assessed by calculating T2D odds ratios for various levels of arsenic exposure in analyses stratified by healthy (< 25 kg/m 2 ), overweight (≥25 to < 30 kg/m 2 ), and obese (≥30 kg/m 2 ) BMI. BMI based on subjects typical height and weight in the ten years preceding cancer diagnosis (cancer cases) or interview (cancer-free controls) was used in our main analyses, although BMIs at other periods (ages 20 or 40 years) were also assessed. Greater than additive interaction was assessed using the Rothman synergy index (Rothman, 1976) . Here, T2D ORs were calculated separately for people with elevated BMI (≥30 kg/m 2 ) and low arsenic, people with elevated arsenic and low BMI (< 30 kg/m 2 ), and people with both elevated arsenic and elevated BMI, using people with low BMI and low arsenic as the reference group. For these analyses, high and low arsenic was defined as exposures above or below the upper tertile cut-off point for cumulative exposure lagged 40 years. The impact of BMI on arsenic-related T2D risk was displayed visually by calculating T2D ORs for a 10,000 μg/L-year increase in cumulative arsenic exposure (lagged 40 years) in analyses of subjects below each integral of BMI, beginning at 20 and ending at 34 kg/m 2 ( Fig. 1) . Here, 10,000 μg/L-year was selected because this was the approximate difference in the means of the upper and lower tertiles. Potential confounding variables entered into the final logistic regression models included sex, age (age < 60, 60-70, > 70 years), BMI (in analyses not stratified by BMI; < 25, 25-< 30, ≥30 kg/m 2 ), cancer status, and smoking (average cigarettes per day of 0, > 0-< 10, ≥10 when smoking). These were entered a priori since each is a known risk factor for T2D, as shown in the directed acyclic causal graph in Supplementary Fig. 1 . Age can potentially confound analyses of cumulative exposure so additional analyses were done entering age in 5-year categories, as a continuous variable (each 1 year), and by restricting subjects to narrower age groups (e.g. ages 60-70). Sixteen subjects with no BMI information were excluded. The impact on results of adjustments for other factors potentially related to arsenic exposure or diabetes risk was also assessed. These factors included mining work (ever vs. never), occupational arsenic exposure (ever vs. never), typical fruit and vegetable consumption (above or below one serving per day), water intake (typical intake in L/day), education (high school diploma), adult and child second hand smoke, SES scores (above or below the lower tertile), hypertension, and race (European vs. other descent). The impact of including proxy respondents was evaluated by performing analyses after excluding these subjects. Analyses were conducted using STATA version 13.1 (StataCorp, College Station, TX) and SAS version 9.2 (SAS Institute Inc., Cary NC).
Results
A total of 1053 subjects were included in the main analyses, 634 cancer-free participants and 419 cancer cases, and 234 and 819 people with and without known diabetes. The mean age, BMI, and unlagged cumulative arsenic exposure in these participants were 65.7 years (standard deviation (SD)= 11.2), 26.4 kg/m 2 (SD=4.6), and 6527.3 µg/L-years (SD=5646.8), respectively. Clear evidence of an association between T2D and either kidney or lung cancer was not seen, with unadjusted T2D odds ratios for both cancers below 1.0 (Table 1) . Adjustment for age, sex, and smoking gave similar results. Subjects with T2D were more likely to be females, above the age of 70, not currently smoking, hypertensive, and have elevated BMIs (≥30 mg/kg 2 ) ( Table 1) .
Compared with subjects in the lowest tertile of cumulative arsenic exposure lagged 40 years (0-609 μg/L-years), adjusted T2D ORs were 0.97 (95% CI: 0.66-1.43) and 1.53 (95% CI: 1.05-2.23) for those in the middle (610-5279 μg/L-years) and highest (≥5280 μg/L-years) exposure categories, respectively (Table 2 ). Similar ORs were seen for unlagged cumulative and average lifetime exposure metrics (Table 2) , and in analyses using other arsenic category cut-offs (Table S1 ).
Additional adjustments for daily fruit and vegetable consumption, typical water intake, SES scores, occupation, hypertension, and race had little impact on results. For example, the T2D ORs for cumulative exposures lagged 40 years ≥ 5280 μg/L-years were 1.53 (95% CI: 1.05-2.23) and 1.61 (95% CI: 1.04-2.50), respectively, before and after adjustment for these additional factors. Entering age in 5-year categories, as a continuous variable, and restricting subjects to narrower age groups (e.g. ages 60-75) gave similar results, as did removing cancer cases first diagnosed with diabetes within two years of their cancer diagnosis. In addition, arsenic-T2D ORs were similar after excluding cancer cases (Table S2 ). For example, the T2D OR for lagged cumulative arsenic exposures ≥ 5280 vs. < 610 µg/L-years was 1.53 (95% CI:1.05-2.23) in the analyses that included these cases and 1.56 (95% CI: 0.97-2.51, p-trend=0.03) in analyses where they were excluded. Similar findings were also observed when bladder cancer cases were included; the T2D OR for lagged cumulative arsenic exposures ≥ 5280 vs. < 610 µg/L-years was 1.59 (95% CI: 1.13-2.23). In analyses excluding proxy subjects, arsenic-related T2D ORs were mostly higher. For example, the T2D OR for the highest vs. lowest tertile of cumulative arsenic exposure (lagged 40 years) was 1.67 (95% CI: 1.10-2.54) after excluding proxy subjects.
When analyses were stratified by BMI, ORs for T2D associated with arsenic were markedly higher in subjects who were obese (BMI ≥30 mg/kg 2 ) ( Table 3 ). For example, adjusted T2D ORs for cumulative arsenic exposures lagged 40 years of ≥ 5280 vs. < 610 μg/L-years were 1.45 (95% CI: 0.74-2.84) in those with healthy BMIs, but 2.64 (95% CI: 1.14-6.11) in obese subjects. When cancer cases were excluded, the corresponding ORs were 1.41 (95% CI: 0.58-3.38) and 2.23 (95% CI: 0.74-6.70), respectively (Table S3) . A similar pattern was seen for other arsenic exposure metrics although with somewhat lower ORs (data not shown). Fig. 1 shows the T2D ORs for each 10,000 μg/L-years increase in cumulative arsenic exposure (lagged 40 years) by increasing levels of BMI. As shown, arsenic-related T2D ORs increase as BMI increases beginning at BMIs of about 24-25 kg/m 2 . Similar patterns were seen for unlagged cumulative exposure and average lifetime arsenic exposure although with slightly lower ORs. The ORs used in the calculations of the Rothman synergy index are (Table S4 ). Clear evidence of synergy was not seen for BMI at ages 20 or 40 (data not shown).
Discussion
Overall, we found evidence of an association between high exposures to arsenic in drinking water and increased risks of T2D. These results are consistent with several other studies which have found associations at high exposure levels (e.g. arsenic water concentrations > 200 µg/L) (Huang et al., 2011; Maull et al., 2012) . We did not find evidence of strong associations at more moderate exposure levels (e.g. < 200 µg/L). However, our study did not have sufficient statistical power to detect ORs much below 1.5 in each tertile, which may have limited our ability to detect associations at these more moderate exposure levels. A unique aspect of our study is that we identified higher arsenic-associated T2D ORs in subjects with higher BMIs, results that provide evidence that arsenic and excess BMI interact in a greater than additive manner to increase the risk of T2D. The consistency of findings across several arsenic exposure metrics and cut-off points further support these conclusions (Table S1) .
Findings from other investigations support the biological plausibility of our results. For example, a number of studies have shown that arsenic can play a role in glucose dysfunction and insulin resistance (Tseng, 2004) . Arsenic increases the production of ROS and free radicals, which have been implicated in chronic inflammation and apoptosis of pancreatic β-cells (Martin et al., 2017) . Arsenic also upregulates the expression of inflammatory genes such as NFκB, tumor necrosis factor-α(TNF-α), and interleukin (IL)-6 (Tseng, 2004) . These inflammatory factors can injure the pancreas and interfere with glucosemediated insulin secretion (Martin et al., 2017; Walton et al., 2004) . Several environmental pollutants have been shown to impair thermogenic adipose tissue involved in glucose and lipid metabolism (Zhang et al., 2016) , and arsenic's effect on adiposity, specifically on brown and beige adipocytes, may also be a mechanism by which it affects diabetes risk (Maull et al., 2012) .
The results from previous studies also support our findings that arsenic and obesity may act synergistically. In Taiwan, although T2D was not specifically assessed, chronic arsenic exposure and obesity were reported to synergistically contribute to insulin resistance in children (Lin et al., 2014) . In Bangladesh, some evidence of synergy for T2D was seen between arsenic in water and BMIs > 25 kg/m 2 , although < 10% of subjects had diabetes and < 1% were obese (Pan et al., 2013) . In mice, chronic arsenic exposure was shown to act synergistically with high fat diet-induced obesity to produce glucose intolerance (Paul et al., 2007 (Paul et al., , 2011 .
Although the mechanism by which arsenic and excess BMI may act synergistically is unknown, several possibilities exist. Obesity is associated with chronic inflammation and pro-inflammatory markers like Creactive protein (CRP), TNF-α, interleukins (IL)-6, −8, −12, plasminogen activator inhibitor (PAI)-1, vascular endothelial growth factor (VEGF), and monocyte chemoattractant protein (MCP)-1 (Dutta et al., 2015; Ramos et al., 2003; van Kruijsdijk et al., 2009; Weisberg et al., 2003) . These same markers are also increased by arsenic. For example, in two studies from arsenic-exposed regions in West Bengal, increased IL-6, IL-8, IL-12 and MCP-1, CRP, TNF-αwere observed in subjects chronically exposed to arsenic via drinking water (Das et al., 2012; Sinha et al., 2014) . Another mechanism may involve mitochondrial dysfunction (Divya et al., 2015; Pan et al., 2016; Bournat and Brown, 2010; Jelenik and Roden, 2013) . Obesity is associated with a decreased number and function of mitochondria. This decline in density and function impairs fatty acid oxidation, contributing to lipid (< 60, 60-70 , > 70 years old), sex, cancer status, smoking (never-smokers, > 0 to < 10, ≥10 cigarettes/day). (never-smokers, > 0 to < 10, ≥10 cigarettes/day). Castriota et al. Environmental Research 167 (2018) 248-254 accumulation, increases in ROS and stress kinases, and decreased glucose uptake (Koves et al., 2008; Bournat and Brown, 2010) . A number of studies have also linked arsenic to increases in ROS (Tseng et al., 2004; Maull et al., 2012) , and mitochondrial dysfunction has been shown to be a significant contributor to arsenic-induced ROS (Divya et al., 2015; Pan et al., 2016) . For example, arsenic has been shown to downregulate the expression of key proteins involved in mitochondrial respiration and biogenesis in both adipose tissue and skeletal muscle (Divya et al., 2015) . Chronic arsenic exposure increases oxidative stress, which may induce changes in the mitochondrial membrane potential that decrease the expression of important ROS scavengers, affecting glucose transporters and insulin-stimulated glucose uptake (Divya et al., 2015; Pan et al., 2016) . Overall, arsenic and obesity have been shown to impact a variety of the same processes thought to be involved in T2D development. Importantly though, the actual mechanism by which arsenic impacts T2D and the mechanism by which it may interact with obesity are unknown, and further research is needed to explore these issues. Misclassification of BMI could have resulted from our use of selfreported height and weight. The literature suggests that women and men tend to under-and over-estimate their weights, respectively (Perry et al., 1995) . Importantly though, despite these individual-level errors, self-reports seem to be fairly accurate for classifying subjects relative to one another. For example, in a study of 6101 subjects in the US National Health and Nutrition Examination Survey (NHANES), measured weights from 10 to 20 years prior were recalled incorrectly by an average of 3.9 lbs. (Kovalchik, 2009 ). However, the correlation coefficient between measured and recalled weights was 0.96. This high correlation suggests that despite widespread under-or over-estimation, recalled weight can be used to fairly accurately place subjects into low and high categories, like those used in our study. In addition, despite the presence of inherent biases in the self-reporting of anthropometric data, research suggests self-reported weight, height, and BMI to be adequate estimates in population studies (Fonseca et al., 2004) . Data from the NHANES show that shifting social attitudes since the 1990s regarding obesity have increased the accuracy of self-reported weight and height metrics, leading to more accurate BMI categorizations from questionnaires (Stommel and Osier, 2013) .
Another potential issue is confounding. Obesity and increasing age are by far the greatest risk factors for T2D but our results were either adjusted for or stratified on both of these factors. Other factors including diet, smoking, race and SES can be related to both obesity and T2D but these were either not associated with or were only weakly associated with arsenic exposure in our study, or adjusting for them had little impact on results. Other factors like rare genetic or medical conditions are likely not prevalent enough to cause major confounding in this study (Axelson, 1978) . Overall, while residual confounding by the factors we evaluated or confounding by some unknown variable is possible, this seems an unlikely cause for the associations observed in this study.
It has been estimated that 22.5% of diabetics in Chile are not diagnosed (Ministerio de Salud, 2009 ). Chile has a public health care system with wide access. As such, the bias from under-diagnosis of diabetes would most likely be non-differential and towards the null, not towards the positive results we identified. Correcting the OR of 1.53 we identified for cumulative arsenic exposure ≥ 5280 ug/L-years for a non-differential under-diagnosis rate of 22.5% would give an OR of 1.57, a relatively small increase. Misclassification of arsenic exposure may have occurred from missing exposure data, inexact residential history, or arsenic exposure from non-water sources (Steinmaus et al., 2015) . Since arsenic exposure was assessed similarly in diabetics and non-diabetics, any bias would likely be non-differential, and most likely bias ORs towards the null. Furthermore, arsenic exposure assessment was primarily based on the cities and towns where the subjects lived, and errors in the subjects' recall of their residential history is most likely minimal. Non-water sources of arsenic exposure are probably negligible compared to historical exposures from water, as most of the food in this region is imported due to the arid climate and limited land use for agriculture. Air and food samples tested for arsenic revealed relatively low arsenic concentrations, with similar levels in the parts of our study area with and without high arsenic water concentrations, and generally accounted for inorganic arsenic intakes of roughly < 1-13 μg/day (Ferreccio and Sancha, 2006) . In contrast, intakes from water would be about 1720 μg/day in those drinking 2 L/day of water with arsenic concentrations of 860 µg/L, the level in the large city of Antofagasta during the high exposure period.
We evaluated whether the cancer case-control study design we used here could have introduced major bias, and found fairly strong evidence that it did not. Cancer cases were ascertained identically throughout the study region, regardless of arsenic exposure levels (Steinmaus et al., 2014) . Most importantly, bias might have occurred if the cancer cases in our study had higher rates of T2D than the cancer-free controls. Importantly, we did not find any evidence of an association between T2D and lung and kidney cancer, the two cancer types we included here. We did find evidence that bladder cancer might be related to T2D in our study population, but these subjects were excluded from our main analyses. In addition, we repeated all analyses after excluding all cancer cases, and found that these exclusions had little impact on the odds ratio estimates, although precision was reduced by having smaller numbers.
The non-cancer participants used as controls in our underlying cancer case-control study were randomly selected from the Chilean voter registration list, matched to cancer cases by age and sex. At the time of selection, the cities of residence of these participating controls were similar to the population distribution of the 2002 Chilean census, providing evidence that they were a good representation of the study area given the matching criteria (Steinmaus et al., 2014) . Matching of controls to cancer cases was done in our original study to help limit the impact of these variables on our arsenic-cancer analyses. Importantly though, this matching was done independently of either arsenic exposure or of T2D status. As such, it is unlikely to have introduced selection bias or to have caused the elevated ORs for T2D we identified. Overall, we found little evidence that the underlying case-control study design used here caused major bias.
Conclusions
Overall, our study is the first human epidemiologic investigation of T2D to identify a synergistic relationship between arsenic and obesity. Clearly, obesity is the primary risk factor for T2D and most efforts aimed at preventing and treating T2D should focus on preventing or reducing obesity. However, the synergistic relationship we identified between arsenic and BMI suggests that arsenic might worsen or increase the risk of obesity-related T2D. Given the current obesity epidemic and the widespread occurrence of arsenic exposure worldwide, this synergistic relationship could have significant public health implications. Because our findings are novel, future research in arsenic exposed areas like Northern Chile, which have a wide range of arsenic exposure, good data on lifetime exposure, and adequate information on potential confounding variables, should seek to replicate these findings. The mechanism of the synergistic relationship we identified is unknown although several possibilities exist. New information on this mechanism could help further support the biologic plausibility for our findings and might provide insights into new ways to diagnose, prevent, or treat T2D.
